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CLAIMS 

1. A processing apparatus for removing an oxide 
film, comprisimg: 

a susceptpr on which an object to be processed is 
disposed; 

a process fchamber housing said susceptor; and 

a mechanism for removing oxide films formed on 
a surface of the object; 

wherein said xji^^^^anism for removing the oxide 
films include: 

an activated ga^ forming device for forming 



an activated gas from\N2 gas , H2 gas and NF3 gas; 

an introducing device for introducing the 
activated gas formed in\said activated gas forming 
device onto a surface of Vthe object disposed on said 
susceptor arranged within \said process chamber; and 

a heating device for heating the object to 
temperatures at which reacta\pn films resulting from 
reaction between the oxide fMms #Sxmed on the surface 



of the object and the activated g 
process chamber are sublimated A ^ 




troduced into the 



2. The processing apparatvrs according to claim 1, 
wherein said activated gas formina device includes: 

a plasma generating device foY converting the 
supplied gas into plasma; 

a gas supply device for supplyi^ig N2 gas and H2 
gas into said plasma generating device; 
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an activated species forming device for converting 
the plasma generated from the plasma generating device 
into activated species; and 

an activated gas forming device for supplying an 
5 NF3 gas into tihe activated species of N2 gas and H2 gas 

formed in said\activated species forming device so as 
to form activated gases of N2 gas^ H2 gas and NF3 gas. 

3. The processing apparatus according to claim 1/ 
wherein the oxide Vilm formed on the surface of the 

10 object is a native oxide film formed by the reaction 

with the air atmosphere during the predetermined 
process steps applied\to the object. 

4. The processina apparatus according to claim 3, 
wherein said activated Was forming device includes: 

15 a plasma generatina device for converting the 

supplied gas into plasmas 

a gas supply device for supplying N2 gas and H2 
gas into said plasma generating device; 

an activated species forming device for converting 
20 the plasma generated from th^ plasma^generating device 

into activated species; and 

an activated gas forming device fo^ supplying an 
NF3 gas into the activated species of N2 gas and H2 gas 
formed in said activated species \forming device so as 
25 to form activated gases of N2 gas\H2 gas and NF3 gas, 

and 

wherein the heating device for\ heating the object 

\ 
\ 

\ 
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is for Jreating the object to temperatures at which the 

native oxide films formed on the surface of the object 

react with vthe activated gas introduced into the 
process chaAber and the resultant reaction films are 
5 sublimated. 

5, The processing apparatus according to claim 4, 
wherein said plasma generating device is equipped with 
a mechanism f or Nconverting a gas into a plasma by 
utilizing a microwave. 
10 6. The processing apparatus according to claim 4^ 

wherein said activa^d gas forming device includes: 

a pipe made of microwave transmitting material ; 
and \ 

a supply section of a microwave and a supply 
15 section of an N2 gas and\H2 gas formed at the inlet 

port of said pipe. \ f ^ 

7. The processing apparfeutus^ccording to claim 4, 
wherein an introducing mechanism for introducing said 
activated gas onto the surf ac^e of the object disposed 
20 on the susceptor arranged in tne process chcmiber 

includes a guide arranged at the^ outlet port of said 
activated species forming device for guiding the 
activated gases of the N2 gas, H2 gas and NF3 gas onto 
the surface of the object 
25 8, The processing apparatus according to claim 4, 

wherein those walls of said activated gas foirming 
device^ said introducing mechanism and said process 



:ed\ J) 
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chamber which are brought into contact with said 
activated gas are fojnnedq^ an electrically insulating 
material . 

9. The processing apparatus according to claim 4, 
5 wherein said heat\ing device heats said susceptor so as 

to elevate the temperature of the object disposed on 
the susceptor to t^pe:^a^ures at which said reaction 
films are sublimated . 

10. A S^prface treatment method comprising the 
10 steps of: 

carrying k subject to be treated, which has an 
oxide on a surface thereof, into a treatment vessel; 

evacuating \he treatment vessel to produce a 
vacuum; 

15 introducing . g^ containing N and H gases into a 

plasma generation section, generating plasma from the 
gas, and activating tneyplasma to form an activated gas 
species of N and H 

causing the actiAr^^d gas species to flow toward 
20 the subject and adding dryNF3 gas to the activated gas 

species to generate an act^ivated gas of NF3 gas; 

cooling the subject toVnot higher than a 
predeteannined temperature; and 

reacting the activated gas of NF3 gas, with the 
25 oxide on the surface of the suogect to degenerate the 

oxide into a reactive film. \ 

11. The surface treatment method according to 

\ 
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claim^O/ wherein the gas containing N and H gases is a 
jmixtureXgas of N2 and H2 _g_ases, and the method further 
comprises^ the steps of 

stopm-ng supply of N2 / H2 and NF3 gases into the 
treatment vfessel and heating the subject to a predeter- 
mined temperature to sublimate the reactive film, after 
the step of degenerating the oxide into the reactive 
film; and \ /^^ 

stopping evacuation of the treatment vessel and 



taking t^i^^ubje^t, from which an oxide film is removed, 
out of the treay^ent vessel. 



face treatment method according to 
in t^rae predetermined temperature at 

\ 



12. The s 
claim 10, wher 

which the subject i^J cooled, is not higher than room 

V\ 

temperature . 

13. The surface treatment method according to 
claim 10, wherein the predetermined temperature at 
which the subject is cooled, ranges from 20'C to -20''C. 

14. The surface treatment method according to 
claim 10, wherein the predetermined temperature at 
which the subject is coole\, ranges from lO^'C to -20''C, 

15. The surface treatme^nt method according to 
claim 11, wherein the predetermined temperature at 
which the reactive film is suB^^imated, is not lower 
than lOO'^C. 

16. A surface treatment apparatus comprising: 
a plasma gener ation sectiori for generating plasma 
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from a plasma generating gas; 

a treat ment vessel c onnected to the plasma 

\ 

generation section and including a susceptor on which a 
subject to be tbreated is placed; 
5 po oling means for cooling the subject placed on 

the susceptor ta a predetermined temperature; 

^fting means f or lifting the subject to a heating 
position in_the treatm ent vess el; and 

heating meansXfor heating the subject to a 
10 predetermined temperature in the heating position. 

17 . The surface treatment apparatus according to 
claim 16^ which is an Ax)paratus for removing a native 
oxide film from a surface of the subject to be treated. 

18. The surface treatment apparatus according to 
15 claim 16^ further comprising: 

a plasma generating gas introduction section for 
introducing N2 and H2 gases, to the plasma generation 
section as a plasma generati\ng gas; and 

an NF3-gas supply section for adding an NF3 gas to 
20 an activated gas species of N2\andl^H^^ activated 

by the plasma generation section and caused to flow 
toward the subject to be treated A 

wherein an activated gas of N^F3 gas is generated 
by adding the NF3 gas to the activate gas species, and 



25 the activated gas is reacted with a surface layer of 

the subject to degenerate th surf ace Alayer. 

19 . The surface treatment apparatus according to 



\ 

\ 
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claim 16, wherein the predetermined temperature at 

which__the sAbject placed on the susce ptor is c ooled, is 

not higher tnan room temperature. 

20. The surface treatment apparatus according to 
5 claim 16, wherein the predetermined temperature at 

which the sub^gect placed on the susceptor is cooled, 
ranges from 20."^ to -20't:. 

21. The surface treatment apparatus according to 
claim 16, wherein the predetermined temperature at 

10 which the subject placed on the susceptor is cooled, 

ranges from lO^t to -20'C. 

22. The surfac'e treatment apparatus according to 
claim 16, wherein tt^e predetermined temperature at 
which the subject is \heated at the heating position, is 

15 not lower than lOO'C, 

23. The surface tireatment apparatus according to 
claim 16, wherein ^he NF^^-gas supply sectioni^includes a 

iXf^ number of gas exhaust hol^s foiled in an inner wall of 

the treatment vessel. 
20 24. The surface treatment apparatus according to 

Yjpr claim 16, wherein(^the NF3-g^s supply section^ includes a 
shower head having a nvimber af gas ^xh^ust holes 
provided in the treatment vessel. 

25. The surface treatment \a ppar ^:fetf s according 
25 to claim 16, wherein (the NF3-gas supply section) 

supplies the NF3 gas to the activate gas species in 
position at least 20 cm away from an end of the plasma 
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J:reated. 



26. The] surface treatment apparatus according to 
claim 16, wherein the heating means is heat radiation 
means provided above the subject to be treated, 

27. The surface treatment apparatus according to 
claim 16, wherein the heating means is a heating lamp 
provided aboveXthe subject to be treated. 

28. The surface treatment apparatus according to 
claim 16, comprises a ^l3isj:er system including at least 
one metal-wiring forming chamber, a heating cheimber, 
and a load-lock chaihber such that the subject is 
carried through a carrier chamber in an unreactive 
atmosphere . 

29. The surface treatment apparatus according to 
claim 16, comprises a tluster system including at least 
one metal-wiring forming chamber, a heating chamber, a 
cooling^^chai^ and a ioad-lock chamber such that the 
subject is carried throug^h a carrier chamber in an 
unreactive atmosphere 

30. The surface treatment abp^atus according to 
one of claims 28 and 29, wh4rein\the rtetal-wiring 
forming chamber is a chamberX for ^forming a film of at 
least one of Al, Ti, TiN, Si,\W, WN, Cu, Ta, TaN and 
SiN. 

31. The surface treatment ^paratus according to 
one of claims 28 and 29, wherein \the metal-wiring 
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forming cheuAber includes means for heating the subject 
_tD_ a J:emper.4t ui^_o_f_ 10 0°C or higher . 

V 





